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Abstract

To test the Attitude Determination and Control Subsystem of a satellite, it is necessary to have
an attitude dynamics simulator, and the simulator must be in a balanced condition. Disturbances
in the balance system in the simulation include deviations caused by the difference between the
center of mass and rotation, as well as the movement of two horizontal actuators. The movement
of two horizontal actuators is a factor for rotational and vortex motion. In the simulation of
experimental models, PID control coefficients are also used to control three axes. The balance
system actuators include moving masses and reaction wheels that are installed around the
horizontal and vertical axes, respectively. To validate the results, a hardware sample has been
developed for laboratory tests. Using the sampling time, models and experimental coefficients, the
hardware reaches the accuracy of 0.2 and 0.5 degrees in 25 seconds, respectively, which indicates
a suitable accuracy for balancing the simulator of the CubeSat attitude.
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1. Introduction

In order to test and evaluate the satellite attitude control
subsystem, it is necessary to have an attitude dynamic
simulator that identifies, adjusts, and fixes any defects in
this subsystem before implementation in real conditions
and environments. In order to accurately test the control
subsystem, the satellite simulator must be balanced.
For this purpose, research has been done in the field of
balance, the main purpose of which is to solve the
difference between the center of mass and the center of
rotation and to move the center of mass using moving
masses in three axes until two centers coincide [1]. By
balancing the simulator system, they achieve the following:

e Increasing the accuracy of the attitude

determination and control subsystem.

¢ Reduction of gravitational disturbance torques.

o Better simulator maneuverability.
The main cause of gravity torque is the difference
between the center of mass and the center of rotation.
For this purpose, the center of mass should be brought
closer to the center of rotation [2]. Different types of

disturbance torques enter the simulator system, and
gravity torque is the main disturbance torque entering
the system. The main purpose of this research is to
eliminate this torque, which requires determining the
center of mass. The least square method is used to
estimate the center of mass [2]. The difference in the
distance between the center of mass and the center of
rotation that by using the movement of actuators called
moving masses in three axes and using the PID! closed-
loop control algorithm, the center of mass will be closer
to the center of rotation.

2. Methodology

The designed simulator is subject to movement restrictions
around the x and y axes (roll and pitch). There is a need to
apply initial conditions, including applied masses
determine the mass range for the CubeSat model placed on
the simulator, and apply these items to the software
simulation. In Figure 1, the simulator can be seen with the
CubeSat model. The overall structure of the simulator is a
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circular plate with a diameter of 0.4 meters, which is placed
on an air bearing. The simulator plate performs maximum
movement under an angle of 32 degrees for roll and pitch
and 360 degrees yaw. Body and inertia coordinates are
considered for the simulator, and MEMS? -type gyroscope
and accelerometer sensors are used to receive the attitude of
the system. This sensor gives information about the angular
velocity and Euler angles to determine the center of mass
and inertia matrix of the system.

0,

Cubesat model -

Figure 1. CubeSat model placed on cube satellite simulator

The Arduino board is used as the processor of the
balance system, and to receive system data, wireless
communication with the processor is required so that the
received data can be displayed on the computer. Two
types of actuators are used for the balance system. Two
of these actuators are used as moving masses for balance
in the roll and pitch axes, and the other actuator is a
reaction wheel in the yaw axis for orientation and
reduction of disturbances resulting from the movement
of two horizontal actuators. The equation of the system
based on the angular momentum is as follows:

Hep=r*xMvg+Hg 1)

In equation (1), HG is the angular momentum of the
center of mass of the simulator. HCR is the angular
momentum of the center of rotation of the simulator, vG
is the velocity vector of the center of mass, M is the total
weight of the simulator, and r is the distance difference
between the center of mass and the center of rotation [2].
The distance difference between the center of mass and
rotation is obtained using the least square method from
equation (2).

r=[p"ol'9"40 @)
In the above equation, AQ is the instantaneous derivative
of the simulator's angular velocity. The effects of the
reaction wheel on the total angular momentum and torque
of the system are considered [3]. It is in the form of
equation (3).

HW:]B .y +[w .y, (3)
where HW is the angular momentum of the simulator
system resulting from a reaction wheel. IB, ®B is the

angular velocity and moment of inertia of the simulator
system in the body frame. Using the PID controller
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requires having a transfer function, optimal coefficients,
and time settings. Transformation functions are obtained
from the system identification method and optimal
coefficients by MATLAB software. The output of the
controller is sent to the actuators in the form of PWM
using equations and experimental configurations.

3. Discussion and Results

If the initial behavior of the system is vortex motion and
has a angular rate, the roll angle and pitch reach 0.3 and
0.5 degrees in 110 seconds, respectively.

Roll and Pitch in Implementation
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Figure 2. The responses of the balance system in the
implementation, in the state of vortex motion with high
angular velocity for ¢ and 0 angles (roll and pitch)

If the initial behavior of the system is steady and has a
low angular rate, the roll and pitch angles will reach 0.2
and 0.5 degrees in 25 seconds, respectively.
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Figure 3. Responses of the balance system in
implementation with low angular velocity for ¢ and 0
angles (roll and pitch)

4. Conclusions

The behavior of the system depends on several factors,
including the initial conditions, disturbances, mass range,
time settings, and determination of the appropriate control
coefficients. If the initial behavior of the system is
accelerated, the balance will be delayed, and its accuracy will
decrease, which can be seen in two graphs, Figure 2Figure 3.
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